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It seems that complications of vitamin D deficiency have been completely removed by having enriched food by vitamin D, but Rachitism is the top of Iceberg of vitamin D deficiency. In fact vitamin D deficiency is entirely prevalent in children and adults. Vitamin D deficiency causes a delay in growth during embryonic and childhood period. It also causes skeletal deformity and also increases the risk of hip fracture.

Vitamin D deficiency can also causes osteopenia, osteoporosis, and muscle weakness and increases risk of hip fracture in adults.\[[@ref1]\] The most important effect of vitamin D is on parathyroid and bone and also plays a key role on the calcium absorption from the gut.\[[@ref2]\]

The discovery of vitamin D receptor in most tissues and organs has developed a new perception from effects of vitamin D. For instance, vitamin D can decrease risk of many chronic diseases, cancers, autoimmune disease, infectious, and cardiovascular disease.\[[@ref1]\]

It has been estimated that one billion people are vitamin D deficient in the world. Vitamin D deficiency is prevalent in both developed and developing countries.\[[@ref3]\]

Vitamin D deficiency is also commonly prevalent in the Middle East including Iran. This deficiency is common in all different cities with the same level of the sea or cities with lower geographic latitude.\[[@ref4]\]

There is no agreement about the definition of the level of vitamin D deficiency. It has been accepted that 25 (OH) D \< 20 ng/ml is the level of vitamin D deficiency and 20 \< 25 (OH) D \< 30 ng/ml is recognized as a vitamin D insufficiency.\[[@ref3]\]

There are different ways to detect cut-off points for vitamin D deficiency. For instance, based on inverse relation between 25 (OH) D and PTH, a direct relation between 25 (OH) D and 1, 25 (OH) D and effect of vitamin D on fracture risk. The level of 25 (OH) D that would be enough for PTH suppression, probably, is a suitable criterion for bone health and cut-off point for vitamin D deficiency.\[[@ref5]\]

The aim of this study was detection of prevalence of vitamin D deficiency in secondary students in Arak, a centrally located city in Iran, and also detection of cut-off points for vitamin D deficiency.
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In a cross-sectional study in November 2010, 420 students including 220 girls and 200 boys from secondary students from 10 to 16 years old were selected by a multistage sampling. First, all of the secondary schools were divided into two areas and then 21 schools including 11 girls' schools and 10 boys, schools were selected by a cluster sampling. Finally, the samples were picked up by a systematic random procedure based on the student\'s initials.

All the students and their parents were informed about the study and signed off the consent form. The students were interviewed and a questionaire was filled out for each of them.

The students who were not ready to participate in the study were excluded. The study was approved by the medical ethics committee of Arak University.

Inclusion criteria were lack of hepatic, renal, bone disease and cancer, no history of intake of anticonvulsant drugs, calcium, vitamin D, and antineoplastic drugs.

All of the students have been examined for weight, height, and BMI. Laboratory tests including hepatic, renal, calcium, phosphoros, ALP (alkaline phosphatase), albumin, PTH, 25 (OH) D.

25 (OH) D levels by RIA and PTH by IRMA were measured (made by Bio source Europe SA, Belgium) and its intensity categorized into three levels.\[[@ref6]\]

Mild deficiency: 15 ≤ 25 (OH) D \< 20 ng/ml.Moderate deficiency: 8 ≤ 25 (OH) \< 15 ng/ml.Severe deficiency: 25 (OH) \<8 ng/ml.

The relation between vitamin D and PTH was assessed by the Scatter chart. The level of vitamin D that PTH was increasing, defined as cut-off points for vitamin D deficiency. The prevalence of vitamin D deficiency in different intensities was assessed by SPSS 15 and variables compared between girls and boys, and also between deficient and sufficient vitamin D groups by Student\'s test or Mann\--Whitney U based on normal distribution based on K\--S (Kolmogrov\--Smirnov) test. The Pearson test was used to identify the relation between 25 (OH) D and age, weight, and BMI. Results were presented as mean ± SD (Standard Deviation). *P* values less than 0.05 were considered significant.
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A total of 420 students including 46.9% boys and 53.1% girls participated in this study. Mean age for boys and girls was 12.5 ± 1 and 12.7 ± 1 years old respectively *P* = 0.1 \[[Table 1](#T1){ref-type="table"}\].
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Mean age of vitamin D-deficient and nondeficient groups based on cut-off 25 (OH) D \< 20 ng/ml were 12.6 ± 1 and 12.6 ± 2 years old respectively (*P* = 0.5). But mean BMI in two groups were 20 ± 3.5 and 19 ± 2.1 respectively (*P* = 0.02). There was no meaningful relation between 25 (OH) D and age (*P* = 0.5) but there was an inverse relation between 25 (OH) D level and BMI (*r* = -0.17) (*P* = 0.01), weight (*r* = -0.14) (*P* = 0.05), PTH (*r* = -0.262) (*P* = 0.001).

There was also a meaningful relation between vitamin D deficiency and sex (*P* = 0.001). Based on the logistic regression analysis, the girls have 54.4 times more chance than boys for vitamin D deficiency (OR 54.4) (*P* \< 0.001). Totally 84% of the students had vitamin D deficiency \[[Table 2](#T2){ref-type="table"}\]. Three cut-off points 33, 21, and 13 ng/ml were defined for mild, moderate, and severe vitamin D deficiency \[[Figure 1](#F1){ref-type="fig"}\] using the Scatter chart. The prevalence of vitamin D deficiency based on different intensities was evaluated in both genders \[[Table 3](#T3){ref-type="table"}\].
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Our findings in Arak, a centrally located city of Iran, showed a high prevalence of vitamin D deficiency of 84% among the students. The results showed that females were more likely to be vitamin D-deficient than males. The present study suggests three local cut-off points for vitamin D deficiency based on 25 (OH) D \< 13, 21, and 33 ng/ml.

Vitamin D deficiency is a common medical problem throughout the world. It has been predicted that one billion people throughout the world are vitamin D deficient.\[[@ref1]\] Prevalence of vitamin D deficiency in the countries where food is enriched by vitamin D (Scandinavian countries) is 1.6--14.8%.\[[@ref7]\] In other European countries, among middle-aged and elderly people, 14\--59.6\[[@ref8]\] in Tunessia 47.6%\[[@ref9]\] and finally among teenagers in Boston was 24.1%.\[[@ref10]\]

Prevalence of vitamin D deficiency is much higher in Asia. A total of 30\--50% of people in India, Lebanon, and Turkey\[[@ref1]\] and also 45.2% of females in China\[[@ref6]\] were vitamin D deficient.

Several studies in different parts of Iran and among different age groups have shown a high prevalence of vitamin D deficiency.\[[@ref11]--[@ref14]\] Prevalence of vitamin D deficiency in Tehran (the capital city of Iran) was 60% in males and 91% in females.\[[@ref15]\] The prevalence of vitamin D deficiency in Isfahan, another central city of Iran, was 46.2% among students including 72.1% girls and 18.3% boys\[[@ref16]\] and is similar to our findings in Tabriz, another city in the north west of Iran, which was 64.2% among females (mild 33.7%, moderate 15.5%, severe 15.1%) that in comparison with the present study is lower.\[[@ref17]\]

Another study in different cities of Iran, with different climate, showed that 27.2% of females and 37.25% of males had a mild vitamin D deficiency, and also 47.85% of females and 34.75% of males had moderate to severe vitamin D deficiency\[[@ref4]\] that confirms the present study.

Different etiologies, such as insufficient sun exposure, clothing habits, and insufficient intake of vitamin D, may explain high prevalence of vitamin D deficiency.\[[@ref18]\] It has been shown that 2-years intake of calcium and vitamin D, increased serum 25 (OH) D level up to 28%.\[[@ref19]\] There are also ethnic differences in vitamin D status. Serum 25 (OH) D levels were lowest in blacks and highest in white people.\[[@ref20]\] African Americans and Hispanics had lower vitamin D levels.\[[@ref21]\]

Clothing habits also influence on serum 25 (OH) D levels.\[[@ref22]\] Although some studies found that sun expose and clothing habits were not different between sufficient and deficient groups.\[[@ref12]\] The increased catabolism of vitamin D could be another reason for vitamin D deficiency. Decreased calcium intake lead to increased serum PTH level and increased catabolism of 25 (OH) D.\[[@ref23]\]

Awumey *et al*. showed higher activity of 24-hydroxylase in fibroblasts that lead to increased catabolism of 25 (OH) D of Indian Americans.\[[@ref24]\] Other explanations for high prevalence of vitamin D deficiency are hyperpigmentation and air pollution.\[[@ref18]\] The darker skin of the Asian immigrants to European countries is another risk for vitamin D deficiency.\[[@ref25]\] Erkal *et al*. found that 61% of the Turkish group (in Turkey) and 55% of the Turkish immigrant group in Germany had bone and muscle pain, while it was 15% within the German group with higher serum 25 (OH) D levels.\[[@ref26]\]

Our findings showed that the prevalence of vitamin D deficiency is much more in girls than boys (girls 99.1%, 66.5% boys) (*P* \< 0.001). Another study in Iran, Isfahan, also found that the prevalence of vitamin D deficiency was four times more in girls than boys and severe vitamin D deficiency in girls and boys were 14.5% and 0.6% respectively.\[[@ref16]\] Another study in Iran also found that moderate-to-severe vitamin D deficiency was much more in females than males.\[[@ref4]\]

Gender and age influence on serum 25 (OH) D levels. Differences according to gender and age group maybe because of biological differences but might also due to behavioral differences. There might be gender-specific clothing differences (necessarily not based on a culture religious). There also might be that females spend less time outside, resulting in less exposure to the sun.\[[@ref12]\]

Another study in the United States among female soldiers found that vitamin D levels decrease during military training in the summer due to the type of clothing worn during training, coupled with inadequate vitamin D intake.\[[@ref27]\]

Our study found that vitamin D deficiency was not associated with the age, while most studies found higher prevalence of vitamin D deficiency among elderly,\[[@ref7][@ref28][@ref29]\] probably due to lower capacity of the skin to produce vitamin D after sun exposure\[[@ref25]\] or less vitamin D intake in elderly,\[[@ref28]\] although a few studies reported higher prevalence of vitamin D deficiency in young people.\[[@ref29]\]

Our study shows a significant inverse association between BMI (Body Mass Index) and weight in one hand with vitamin D deficiency in another hand, same as the Tabriz study\[[@ref17]\] and against the Isfahan study.\[[@ref16]\] Considering the role of fat tissue as a depot of vitamin D, obese have increased storage capacity of 25 (OH) D, that leads to lower serum vitamin D levels.\[[@ref30]\]

We determined three cut-off points for vitamin D deficiency based on 25 (OH) D \< 33, 21, and 13 ng/ml for mild, moderate, and severe vitamin D deficiency, using Scatter chart, versus 12.5, 25, and 40 ng/ml in another study in Iran\[[@ref4]\] and 32 ng/ml in Isfahan.\[[@ref16]\]
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High prevalence of vitamin D deficiency probably could be the result of above-mentioned combination. We recommend that some efforts could be made to encourage people to intake vitamin D and calcium supplements and also have more exposure to the sunlight.
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